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IUHHGRPZHUHIXOO\UHOD[HGLQDOOVXEVHTXHQWFDOFXODWLRQV0RVWFDOFXODWLRQVZHUHSHUIRUPHGXVLQJ8 
H9>@DQGDVXSHUFHOOSDUDPHWHURIcFRUUHVSRQGLQJWRWKH672ODWWLFHSDUDPHWHUD c
OHVVWKDQGLIIHUHQWIURPWKHH[SHULPHQWDOYDOXHRIc:HIRXQGWKLVDSSURDFKWRSURYLGHD
UHDVRQDEOHFRPSURPLVHEHWZHHQ3%(VROSURSHUZKLFKJLYHVPRUHDFFXUDWHODWWLFHSDUDPHWHUVDQG8 
H9ZKLFKLPSURYHVWKHYDOXHRIWKHEDQGJDSEXWRYHUHVWLPDWHVWKHODWWLFHSDUDPHWHUVE\a7KH
SODQHZDYHEDVLVVHWFXWRIIRIH9ZDVXVHG7KHHIIHFWRI WKHNJULGZDVWHVWHGIRU WKHLGHDO672
ODWWLFH:HIRXQGWKDWWKHGLIIHUHQFHEHWZHHQWRWDOHQHUJLHVFDOFXODWHGDWWKH*DPPDSRLQWRQO\DQGWKH
*DPPDFHQWHUHG uu 0RQNKRUVW3DFN JULG LQ OHVV WKDQ  PH9 SHU DWRP DQG XVHG *DPPDSRLQW
RQO\LQDOOVXEVHTXHQWVLPXODWLRQV




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
:HILQGWKDWSKRWRHPLVVLRQLQWHQVLW\DSSHDUVGHHSLQWKHJDSIRUDOO672VSHFLPHQVLQYHVWLJDWHG±Q
W\SH XQGRSHG EXON FU\VWDOV DQG HSLWD[LDO ILOPV 7KHVH IHDWXUHV FRUUHVSRQG WR GHHSOHYHO WUDSV WKDW
LPPRELOL]HDVLJQLILFDQWIUDFWLRQRILWLQHUDQWHOHFWURQV6WDWHVFORVHU WR()EHFRPHRFFXSLHGRQO\DV WKH
GRQRUFRQFHQWUDWLRQLQFUHDVHVEH\RQGWKDWUHTXLUHGWRSRSXODWHWKHGHHSOHYHOV
5HSUHVHQWDWLYH9%DQGJDSVSHFWUDH[FLWHGZLWKKDUGDQGVRIW[UD\VDVZHOODVZLWK989SKRWRQV
DUHVKRZQIRUEXON1E672LQ)LJ7KHGLIIHUHQW9%VKDSHVUHIOHFWGLIIHUHQFHVLQFURVVVHFWLRQDW
WKHWKUHHSKRWRQHQHUJLHVDVZHOODVGLIIHUHQFHVLQSUREHGHSWK1HYHUWKHOHVVWKHOHDGLQJHGJHVRYHUODS
DQGH[WUDSRODWLRQVWRWKHHQHUJ\D[LVLQGLFDWHWKDWWKHYDOHQFHEDQGPD[LPXP9%0LVaH9EHORZ
WKH)HUPLOHYHODVH[SHFWHGIRUIODWEDQG672:HPDJQLI\WZRRIWKHWKUHHJDSVSHFWUDLQWKHLQVHWRI
)LJ IRUZKLFKFRXQWLQJVWDWLVWLFV LQWKHJDSZHOODERYH WKHGHWHFWRUGDUNFXUUHQWFDQEHDFFXPXODWHG
GXHWRWKHKLJKEULJKWQHVVRIWKHUHVSHFWLYHVRXUFHV989DQGKDUG[UD\7KHUHLVVLJQLILFDQWLQWHQVLW\
GHHS LQ WKH JDS IRU ERWK VSHFWUD EXW WKH FRXQW UDWH UDSLGO\ IDOOV RII DV WKH )HUPL OHYHO LV DSSURDFKHG
+LJKHUFRXQWUDWHVGHHSHULQWKHJDSDUHDOVRQRPLQDOO\GHWHFWDEOHLQWKHVSHFWUXPH[FLWHGXVLQJWKHPXFK
ZHDNHU PRQRFKURPDWLF $O.D [UD\  H9 VRXUFH QRW VKRZQ GXH WR SRRU VLJQDOWREDFNJURXQG
UDWLR8VLQJWKH+H,H[FLWHG9%VSHFWUXPDVDQLQWHUQDOVWDQGDUGWKHGHHSJDSVWDWHLQWHQVLW\LQGLFDWHVD
GHHSOHYHODFFHSWRUFRQFHQWUDWLRQRIDIHZSDUWVSHUWKRXVDQG
&RUHOHYHODQDO\VLV UHYHDOV WKDW VXEVWLWXWLRQDO1EGRSDQWVH[KLELWDYDOHQFHRI IRUERWKFU\VWDOV
LQGLFDWLQJ FRPSOHWH GRQRU LRQL]DWLRQ :H VKRZ LQ )LJ  FRUHOHYHO SKRWRHPLVVLRQ VSHFWUD WR JR DORQJ
ZLWK WKH 9% VSHFWUD VKRZQ LQ )LJ  7KH 7L S DQG 1E G VSHFWUD DUH ZHOO ILW XVLQJ SDLUV RI 9RLJW
IXQFWLRQV WR UHSUHVHQW VSLQRUELW 62 FRXSOLQJ 8VLQJ WKHVH WZR FRUH OHYHOV LQ FRQMXQFWLRQ ZLWK WKH
UHOHYDQWDWRPLFFURVVVHFWLRQV>@[ZDVH[SHULPHQWDOO\GHWHUPLQHG WREHDQGIRU WKH
GLIIHUHQWFU\VWDOVPHDVXUHGDWDQGNH9UHVSHFWLYHO\7KHDEVROXWHELQGLQJHQHUJLHVLQGLFDWHDQHDUO\
IODWEDQGFRQGLWLRQZLWKLQWKH WZRSUREHGHSWKVGHILQHGDVWKHGHSWKVDWZKLFKDSKRWRHPLVVLRQVLJQDO
RULJLQDWLQJ DW WKH VXUIDFH ZRXOG EH DWWHQXDWHG E\  7KH FRUUHVSRQGLQJ QXPHULFDO YDOXH LV O
ZKHUHO LVWKHHOHFWURQDWWHQXDWLRQOHQJWKZLWKOEHLQJaQP>@DQGaQP>@IRUKQ NH9
DQGNH9 UHVSHFWLYHO\7KHPHDVXUHGELQGLQJHQHUJLHV DUH FRQVLVWHQWZLWK WKHSUHVHQFHRIPDMRULW\
7L >@ DQGH[FOXVLYHO\1E >@ LQGLFDWLQJFRPSOHWHGRQRU LRQL]DWLRQ$ZHDN7L VKRXOGHUVKLIWHG
aH9WRORZHUELQGLQJHQHUJ\LVREVHUYHGLQWKHFU\VWDOPHDVXUHGDWNH9FRQVLVWHQWZLWKLWLQHUDQW
HOHFWURQVIURP LRQL]HG1EGRQRUV WHPSRUDOO\ UHGXFLQJ7L >@7KH7LSHDNFRQVWLWXWHVRI WKH
WRWDO7LSSHDNDUHDLQJRRGDJUHHPHQWZLWKWKH[YDOXHIURPWKH1EGDQG7LSVSHFWUD
$ VHFRQGSDLU RI62VSOLW SHDNV VKLIWHG WRKLJKHUELQGLQJHQHUJ\E\a H9 LV UHTXLUHG WRREWDLQ
JRRGILWVIRUWKH6UGVSHFWUD$PRUHVXUIDFHVHQVLWLYHJHRPHWU\TW RDWKQ H9O a
QPUHYHDOVDVXEVWDQWLDOLQFUHDVHLQWKHLQWHQVLW\RIWKHKLJKHUELQGLQJHQHUJ\6UGIHDWXUHVLQGLFDWLQJ
WKDW WKHVHSKRWRHOHFWURQVRULJLQDWHDW WKH VXUIDFH7KH WZRPRVW OLNHO\ VXUIDFHVSHFLHV WKDWZRXOG\LHOG
SHDNV DW WKHVH ELQGLQJ HQHUJLHV DUH 6U2+ DQG 6U2[ ,I 6U2+ LV SUHVHQW WKH 2 V VSHFWUXP LV
H[SHFWHGWRVKRZDZHOOUHVROYHGIHDWXUHGXHWR2+VKLIWHGaH9WRKLJKHUELQGLQJHQHUJ\IURPWKH
ODWWLFH SHDN DV RFFXUV RQ EXON &D2 >@ 7KLV IHDWXUH ZRXOG EH PRUH SURQRXQFHG DW TW   R
+RZHYHUQRVXFKIHDWXUH LV VHHQ ,QFRQWUDVW WKH2VELQGLQJHQHUJ\ IRU6U2[ VXUIDFHFOXVWHUV LVQRW
H[SHFWHGWREHVXIILFLHQWO\GLIIHUHQWIURPWKDWRIODWWLFH2LQ6727KHVOLJKWDV\PPHWU\VHHQLQWKH2V
VSHFWUXPDWTW qPD\EHWKHUHVXOWRIDQXQUHVROYHG6U2[IHDWXUH,WKDVEHHQVKRZQWKDW6U2[IRUPVRQ


WKH 672 VXUIDFH DV D UHVXOW RI DQQHDOLQJ DW aq& LQ R[\JHQ DV ZH KDYH GRQH DV SDUW RI RXU
VXUIDFHSUHSDUDWLRQSUHVXPDEO\GXHWR6UYDFDQF\FUHDWLRQDQGGLIIXVLRQWRWKHVXUIDFH>@
$GGLWLRQDOO\ WKHH[SHFWHG7LSHDNUHVXOWLQJIURPGRQRUHOHFWURQVDWWKHERWWRPRIWKHFRQGXFWLRQ
EDQG&%LVEDUHO\GHWHFWDEOHLQWKH7LSVSHFWUXPWDNHQDWNH9EXWLVQRWREVHUYDEOHLQWKHVSHFWUXP
WDNHQDWH9<HWRXUPRGHOLQJLQGLFDWHVWKDWZHVKRXOGEHDEOHWRGHWHFW7LDWWKHaDWOHYHO
:HVKRZLQ)LJDOLQHDUFRPELQDWLRQVRI7LSVSHFWUDPHDVXUHGIRUOLJKWO\GRSHG6U1E[7L[2[
 aDQGHSLWD[LDO/D7L2>@WRVLPXODWHVSHFWUDIRU6U1E[7L[2ZLWKODUJHU[UDQJLQJ
IURP  WR  ,Q WKH DEVHQFH RI HOHFWURQ WUDSSLQJ GHIHFWV HDFK LRQL]HG 1E GRSDQW SRSXODWHV WKH
FRQGXFWLRQEDQGZLWKRQH LWLQHUDQW HOHFWURQZKLFKZLOO LQ WXUQ UHVXOW LQ WKH UHGXFWLRQRI D %VLWH7L
FDWLRQ WR 7L RYHU WKH WLPH VFDOH RI SKRWRHPLVVLRQ a VHF +RZHYHU GRQRU HOHFWURQV PD\ DOVR
EHFRPHWUDSSHGDWGHIHFWWUDSVWDWHVLILQGHHGVXFKGHIHFWVDUHSUHVHQW,QWKLVFDVH7LZRXOGQRWDSSHDU
LQWKHH[SHULPHQWDOVSHFWUXPXQOHVVWKHGHIHFWKDVVXEVWDQWLDO7LGFKDUDFWHU$VVXPLQJGHIHFWIUHH672
WKHUHZRXOGEHDTXDQWLWDWLYHWUDQVIHURILQWHQVLW\IURPWKH7LELQGLQJHQHUJ\LQWKH7LSVSHFWUXPWR
WKH 7L ELQGLQJ HQHUJ\ a H9 ORZHU 7KLV HIIHFW ZRXOG QRW EH DV FOHDU LQ WKH S UHJLRQ GXH WR
HQKDQFHGOLIHWLPHEURDGHQLQJUHVXOWLQJIURP&RVWHU.URQLJGHFD\,Q)LJEZHRYHUODSWKHVLPXODWLRQ
IRU[ ZLWKDQDFWXDOVSHFWUXPIRU6U1E7L2DQGSORWWKHGLIIHUHQFHVSHFWUXP7KHUHLV
FOHDUO\DVKRXOGHURQWKHORZELQGLQJHQHUJ\VLGHRIWKHSSHDNLQWKHVLPXODWLRQWKDWGRHVQRWDSSHDU
LQWKHPHDVXUHGVSHFWUXP7KLVDQDO\VLVVXJJHVWVDOWKRXJKWKH1EGRSDQWVDUHLRQL]HGUHVXOWLQJLQWKHLU
H[KLELWLQJELQGLQJHQHUJLHVFKDUDFWHULVWLFRI1EWKHUHDUHQRWHQRXJKLWLQHUDQWHOHFWURQVUHVLGLQJDWWKH
ERWWRPRIWKHFRQGXFWLRQEDQGWRPRGLI\WKH7LSOLQHVKDSHIRU[ 7KLVUHVXOWLVFRQVLVWHQWZLWK
WKHH[WUHPHZHDNQHVVRIDPHWDOOLFSHDNLQWKH9%VSHFWUXPVHHLQVHWWR)LJ
9((/6 PHDVXUHPHQWV SURYLGH IXUWKHU HYLGHQFH IRU FOHDU LQWHQVLW\ GHHS LQ WKH JDS RI EXON 672
FU\VWDOV)LJVDEVKRZ9((/6PHDVXUHPHQWVIURPUHJLRQVRIYDU\LQJWKLFNQHVVDWWZRGLIIHUHQW((/6
FROOHFWLRQDQJOHV:HREVHUYHDFOHDULQWHQVLW\SODWHDXLQWKHUDQJHRI±H9PDUNHGE\WKHDUURZ
DFURVV DOO RXU PHDVXUHPHQWV WKDW LV LQ JRRG TXDOLWDWLYH DJUHHPHQW ZLWK RXU SKRWRHPLVVLRQ UHVXOWV
+RZHYHU LWLVNQRZQWKDWYDOHQFHDQG ORZORVV((/6PHDVXUHPHQWVFDQEH LQIOXHQFHGE\DYDULHW\RI
HIIHFWV LQFOXGLQJ WKH JHQHUDWLRQ RI ýHUHQNRY UDGLDWLRQ DERYH D SDUWLFXODU DFFHOHUDWLQJ YROWDJH WKH
H[FLWDWLRQRIJXLGHGOLJKWPRGHVDQGRWKHUUHWDUGDWLRQORVVHV>@7KHýHUHQNRYOLPLWFDQEHFDOFXODWHG
DV
 ܧ஼ ൌ ͷͳͳቊ൤ ఌభǡ೘ೌೣ௘భǡ೘ೌೣିଵ൨଴Ǥହ െ ͳቋ

ZKLFK\LHOGVa±NH9IRU6U7L2ZLWKDPD[LPXPGLHOHFWULFFRQVWDQWRIߝଵǡ௠௔௫ ൎ ͳͳ>@:KLOHWKH
SUHVHQWPHDVXUHPHQWVZHUHSHUIRUPHGDERYHWKLVOLPLWDWNH9DFFHOHUDWLQJYROWDJHZHQRWHWKDW(UQL
DQG%URZQLQJ>@KDYHVKRZQWKDWWKHSUREDELOLW\RIHPLWWLQJEXONýHUHQNRYSKRWRQVZLWKUHVSHFWWRWKH
PD[LPDOHPLVVLRQUDWHUDQJHVIURP±IRU672DWNH97KLVYDOXHLVVXIILFLHQWO\ORZWRH[SHFW
WKDWLWZLOODGGRQO\DPLQLPDOFRQWULEXWLRQWRWKHPHDVXUHGGDWD
7RDVVHVVWKHLPSDFWRIJXLGHGOLJKWPRGHVDQGUHWDUGDWLRQORVVHVDVSRVVLEOHDGGLWLRQDOLQWHQVLW\LQ
WKH JDS UHJLRQ ZH KDYH SHUIRUPHG VLPSOH VLPXODWLRQV RI ORZORVV VSHFWUD XVLQJ RXU H[SHULPHQWDO
SDUDPHWHUVIRUVHYHUDOWKLFNQHVVHVDVVKRZQLQ)LJVFG7KHVHVLPXODWLRQVZHUHSHUIRUPHGZLWKLQWKH
.U|JHUIRUPDOLVP>@XVLQJVROHO\WKH672EXONSODVPRQHQHUJ\RIH9PHDVXUHGE\9((/6DV
LQSXW:KLOHWKLVDSSURDFK\LHOGVLGHQWLFDO UHVXOWV WRWKHPRUHULJRURXVGLVSHUVLRQEUDFNHW IRUPDOLVPRI
%ROWRQ DQG &KHQ >@ IRU VLQJOHVODE PRGHOV WKH GHWDLOHG 9((/6 ILQH VWUXFWXUH HJ LQWHUEDQG


WUDQVLWLRQVLVQRWUHSURGXFHGKHUH²DVWKLVZRXOGQHFHVVLWDWHWKHXVHRIWKHGLHOHFWULFIXQFWLRQDVLQSXWWR
PRUH ULJRURXV VLPXODWLRQ FRGH 2XU VLPXODWLRQV VXSSRUW WZR PDLQ WUHQGV ZKLFK KDYH EHHQ SUHYLRXVO\
GLVFXVVHGE\(UQLDQG%URZQLQJ>@QDPHO\ORVVHVGXHWRWKHH[FLWDWLRQRIJXLGHGOLJKWPRGHVOHDGWR
WKHIRUPDWLRQRIDVOLJKWDGGLWLRQDOEDFNJURXQGSODWHDXLQWKHJDSZKLFKLVNQRZQWRUHVXOWLQDQDSSDUHQW
VKLIW LQ WKH PHDVXUHG EDQGJDS RQVHW WKDW GHSHQGV RQ VDPSOH WKLFNQHVV ([SHULPHQWDOO\ ZH REVHUYH D
SHUVLVWHQWDQGVL]DEOHJDSLQWHQVLW\LQHYHQWKHWKLQQHVWSDUWVRIRXUVDPSOHVXJJHVWLQJWKDWJXLGHGOLJKW
PRGHV DUH OLNHO\ QRW UHVSRQVLEOH IRU WKLV IHDWXUH :KLOH ZH FDQQRW IXOO\ H[FOXGH WKH FRQWULEXWLRQ RI
VXUIDFH HIIHFWV ZLWKRXW PRUH WKRURXJK VLPXODWLRQV WKDW DUH EH\RQG WKH VFRSH RI WKH SUHVHQW ZRUN RXU
9((/6UHVXOWVOHQGJRRGTXDOLWDWLYHVXSSRUWWRWKHSKRWRHPLVVLRQUHVXOWVGHVFULEHGDERYH
'HHS LQJDSSKRWRHPLVVLRQ LVQRW OLPLWHGWREXON672FU\VWDOV:HDOVRPDNH WKLVREVHUYDWLRQ IRU
HSLWD[LDOILOPVGHSRVLWHGXVLQJERWKFRQYHQWLRQDODQGK\EULGPROHFXODUEHDPHSLWD[\PHWKRGV:HVKRZ
LQ)LJVSHFWUDIRUVHYHUDOEXONFU\VWDOVDQG0%(JURZQHSLWD[LDOILOPVRYHUDUDQJHRIGRSLQJOHYHOV
OHVVWKDQaDW$EURDGIHDWXUHWDLOLQJRIIWKH9%IHDWXUH%LVREVHUYHGLQDOOFDVHVDQGDIHDWXUHDW
aH9$
LVVHHQIRUWKHXQGRSHGEXONFU\VWDO,QQRLQVWDQFHLVWKHIHDWXUHQHDUWKH)HUPLOHYHO$RI
DQ\DSSUHFLDEOHPDJQLWXGH,QDOOFDVHVWKHWRWDOLQWHJUDWHGLQWHQVLW\LQWKHJDSLVRIWKHRUGHURISDUWVSHU
WKRXVDQG RI WKH 9% LQWHQVLW\ 7KHVH UHVXOWV UHYHDO WKDW WKH GHHSOHYHO VWDWH % WUDSV WKH PDMRULW\ RI
HOHFWURQVIURPGRQRUGRSDQWVEXW WKDWVWDWH% LVDOVRRFFXSLHGIRUEXONFU\VWDOVDQGHSLWD[LDO ILOPVQRW
LQWHQWLRQDOO\GRSHG,WLVQRWHZRUWK\WKDWLQDOOFDVHVWKHFRUHOHYHOELQGLQJHQHUJLHVUHYHDOWKDWZLWKLQWKH
;36SUREHGHSWKaQPWKH672LVZLWKLQaH9RIIODWEDQG7KHUHIRUHWKHSRSXODWLRQVRI$$
DQG
%DUHQRWEHLQJDIIHFWHGE\EDQGEHQGLQJZKLFKFRXOGVZHHSFDUULHUVLQWRRURXWRIWKHWRSIHZQP
,QRUGHUWRGHWHUPLQHKRZWKHJDSVSHFWUXPHYROYHVZLWKGRSDQWFRQFHQWUDWLRQLQRQHVSHFLILFFU\VWDO
ZHXWLOL]HGDQXQGRSHG672FU\VWDODVFOHDQHGDQGDIWHUDQQHDOLQJLQXOWUDKLJKYDFXXP8+9DW
SURJUHVVLYHO\KLJKHUWHPSHUDWXUHVDQGIRUORQJHUWLPHVWRJHQHUDWH927KHUHVXOWVDUHVKRZQLQWKHLQVHW
WR )LJ D 2FFXSLHG GHHSOHYHO VWDWHV IHDWXUH % DUH REVHUYHG SULRU WR YDFXXP DQQHDOLQJ ZKLOH WKH
VDPSOHLVVWLOOKLJKO\UHVLVWLYHDQGWKH%VWDWHLQWHQVLWLHVDUHVLPLODUWRWKRVHPHDVXUHGIRUGRSHGFU\VWDOV
VHH )LJ  7KH LQWHQVLW\ RI IHDWXUH % LQFUHDVHV PRGHVWO\ WKURXJK R& DQG WKHQ LQFUHDVHV PRUH
VXEVWDQWLDOO\DWR&)HDWXUH$
JUDGXDOO\VWUHQJWKHQVXSWRR&DQGVWURQJO\LQFUHDVHVLQLQWHQVLW\DW
R& $W WKH VDPH WLPH D ZHDN VKRXOGHU FKDUDFWHULVWLF RI 7L EHFRPHV FOHDUO\ YLVLEOH LQ WKH 7L S
VSHFWUXPDWR&DVDOVRVHHQLQ)LJD7KHVHUHVXOWVDUHFRQVLVWHQWZLWKDJURZLQJ92FRQFHQWUDWLRQ
WKDWDGGVHOHFWURQVWRVWDWHVLQWKHJDSILOOLQJWKRVHWKDWDUHGHHSHUILUVW)URPWKHILWVKRZQLQWKHLQVHWWR
)LJ D 7L FRQVWLWXWHV  RI WKH WRWDO 7L S SHDN DUHD DIWHU DQQHDOLQJ DW R& IRU  PLQXWHV
FRUUHVSRQGLQJ WR D FRPSRVLWLRQ RI 6U7L2 ,QWHUHVWLQJO\ WKH GHHSOHYHO % VWDWH GURSV VXEVWDQWLDOO\
IROORZLQJWKHWKLUG8+9DQQHDODWR&$ILQDODQQHDODWR&LQDFWLYDWHGR[\JHQKDVWKHHIIHFWRI
FRPSOHWHO\HOLPLQDWLQJIHDWXUHV$DQG$
DQGUHGXFLQJWKHLQWHQVLW\RIIHDWXUH%WRKDOIWKHYDOXHRIWKHDV
FOHDQHGVXUIDFH
,Q )LJ E ZH H[SDQG WKH JDS VSHFWUD RYHUODLG LQ WKH LQVHW IRU )LJ D DQG FRPSDUH WKHVH ZLWK
HOHFWURQLFGHQVLWLHVRIVWDWHV'26FDOFXODWHGXVLQJDQDELQLWLRGHQVLW\IXQFWLRQDOWKHRU\DSSURDFKIRU
DVHWRILQWULQVLFGHIHFWV)LJF:HILQGWKDW96UGRHVQRWUHVXOWLQRFFXSLHGJDSVWDWHV+RZHYHURXU
FDOFXODWLRQVVKRZWKDW2LQW±DODUJHO\XQH[SORUHGFDQGLGDWHGHIHFW>@GRHV:HSUHYLRXVO\IRXQGWKDW
2LVUHDGLO\DEVRUEHGZKHQHSLWD[LDOILOPVRI1G7L2DUHH[SRVHGWRDLUDQGWKDWLWPRVWOLNHO\UHVLGHVLQ
LQWHUVWLWLDOVLWHV>@7KHGULYHULVWKHLQVWDELOLW\RI7L:HQRZK\SRWKHVL]HWKDWGXULQJWKHV\QWKHVLVRI
EXONDQGWKLQILOP672VRPHYDFDQWDQLRQVLWHVDWWKHFU\VWDOOL]DWLRQIURQWEHFRPHRFFXSLHGE\2ZKLFK
WUDSV WZR HOHFWURQV 7KLV 2± VSHFLHV FDQ EH YLHZHG DV DQ LQWHUVWLWLDO R[\JHQ DWRP 2LQW ERXQG WR D
ODWWLFH2±DQLRQ2ODWZKLFKIRUPVDGXPEEHOOFRQILJXUDWLRQDVVKRZQLQ)LJD6LJQLILFDQWO\2±


SURGXFHVQRJDSVWDWHV UHG'26 LQ)LJF2XUFDOFXODWLRQV UHYHDO WKDW LQ WKHSUHVHQFHRIDGGLWLRQDO
HOHFWURQVQHDUWKHERWWRPRIWKH&%2±FRQYHUWVWRDSDLURIVHSDUDWHGLQWHUVWLWLDOR[\JHQLRQVWKDWVKDUH
WKUHHRUIRXUHOHFWURQVDQGFDQEHUHSUHVHQWHGDV2±2±DQG2±2±UHVSHFWLYHO\DVVHHQLQ)LJE$V
WKHIRUPDOFKDUJHDVVRFLDWHGZLWKWKHVHVSHFLHVLQFUHDVHVIURP±WR±WR±_H_WKHGLVWDQFHEHWZHHQWKH
R[\JHQVLQFUHDVHVIURPWRWRc6LQFHWKH2VSHFLHVLQ22DUHHTXLYDOHQWDQGQHLWKHU
LV DW D ODWWLFH VLWH ZH UHIHU WR 2±2± DV D SDLU RI LQWHUVWLWLDO 2LQW± LRQV $V VHHQ LQ )LJ E 2±2±
VWUDGGOHVD92VLWH,IRQH2LQWGLIIXVHVDZD\WKHRWKHUZRXOGRFFXS\WKH92ODWWLFHVLWHDQGEHFRPH
2ODW6LJQLILFDQWO\ERWK2±2±DQG2±2±JHQHUDWHRFFXSLHGVWDWHVDERYHWKH9%PD[LPXP9%0
DVVHHQLQ WKHJUHHQ'26GHSHQGLQJRQ WKHLUFKDUJHVWDWHVDQGSUR[LPLW\ WRRWKHUGHIHFWV7KHHQHUJ\
GLIIHUHQFHEHWZHHQWKHVHVWDWHVDQGWKH9%0LQFUHDVHVZLWKLQFUHDVLQJ8HIIUHDFKLQJaH9IRU8HII 
H97KHVHLQWHUVWLWLDOR[\JHQDQLRQVFRXOGWKXVEHWKHGHHSOHYHOWUDSVZHREVHUYH7KHVSLQGHQVLW\PDS
IRUD2ODW±>u92@GHIHFWFRPSOH[LVVKRZQLQ)LJF
7RXQGHUVWDQGWKHREVHUYHGHYROXWLRQRIWKHJDSVSHFWUXPZLWKDQQHDOLQJZHFRQVLGHUVHYHUDOGHIHFW
LQWHUFRQYHUVLRQUHDFWLRQVWKDWLQYROYH92DQG2LQWVHHJUHHQ'26DVZHOODV2ZKLFKLVDOVRSUHVHQW
LQWKHVXSHUFHOODVVRFLDWHGZLWKWKHJUHHQ'26EXWGRHVQRWJHQHUDWHDQ\JDSLQWHQVLW\)LUVWZHQRWHWKDW
WKHFDOFXODWHG92IRUPDWLRQHQHUJ\ZLWKUHVSHFWWRò2JH9GHFUHDVHVWRH9LQWKHSUHVHQFHRI
2±7KLVGHFUHDVHLVGULYHQE\ WKHHQHUJ\JDLQHGIURP2± WUDSSLQJ92HOHFWURQVORFDWHGQHDUWKH&%
PLQLPXPH9DQGWKHVXEVHTXHQWGLVVRFLDWLRQRI2± LQWRDSDLURI2LQW± LRQV7KHFRUUHVSRQGLQJ
'26FKDQJHLVVKRZQLQJRLQJIURPWKHJUHHQWRWKHEOXHLQ)LJF6LQFH8HII H9FRUUHVSRQGVWRD
RQHHOHFWURQJDSYDOXHRIRQO\H9WKHHIIHFWRI2±RQWKH92 IRUPDWLRQHQHUJ\LVXQGHUHVWLPDWHG
:KLOH WKH UHVXOWLQJ 92 FDQ UHFRPELQH ZLWK 2LQW± ZLWK DQ HQHUJ\ JDLQ RI  H9 WKH HOHFWURVWDWLF
LQWHUDFWLRQRIWKHVHGHIHFWVFDQEHHIIHFWLYHO\VFUHHQHGE\WKHODWWLFHWKHUHE\VXSSUHVVLQJUHFRPELQDWLRQ
>@
$V WKH WHPSHUDWXUH DQG DQQHDO GXUDWLRQ LQFUHDVH WKH FRQFHQWUDWLRQ RI 92 LQFUHDVHV DV ZHOO ,Q
DGGLWLRQ WR EHLQJ WUDSSHG DW 2LQW± HOHFWURQV IURP WKHVH YDFDQFLHV FDQ EH UHGLVWULEXWHG WR 92 IRUPHG
SUHYLRXVO\ OHDGLQJ WR SDUWLDOO\ FKDUJHG R[\JHQ YDFDQF\ FRPSOH[HV 924   4   7R PRGHO WKLV
VFHQDULRZHFRQVLGHUHGVXSHUFHOOVZLWKRQH2±FRH[LVWLQJZLWKXSWRWKUHH927ZRHOHFWURQVSURYLGHG
E\WKHVH92GULYHWKHIRUPDWLRQRIDSDLURI2LQW±DVGLVFXVVHGDERYH7KHRWKHUHOHFWURQVUHPDLQDWWKH
YDFDQFLHV7KXV GHSHQGLQJ RQ WKH 92 FRQFHQWUDWLRQ WKH VXSHUFHOO FRXOG FRQWDLQ >u92@ >u92@ RU
>u92@GHIHFWFRPSOH[HVZKLFKKDYHDFROOHFWLYHFKDUJHRIZLWKUHVSHFWWRWKHODWWLFH
7KH SXUSOH '26 LQ )LJ F VKRZV WKDW DV WKH 92 FRQFHQWUDWLRQ LQFUHDVHV VR GRHV WKH LQWHQVLW\ RI
IHDWXUH$
 ORFDWHGaH9DERYHWKHWRSRI WKH9%$QDO\VLVRI WKHVSDWLDOGLVWULEXWLRQRIRQHHOHFWURQ
EDQGVLQGLFDWHVWKDWLQWKHFDVHRI>u92@WKUHHRIWKHIRXUHOHFWURQVQRWERXQGWR2LQW±DUHORFDOL]HGDW
WKHWKUHHYDFDQF\VLWHVUHVXOWLQJLQ92ZKLOHWKHIRXUWKHOHFWURQLVGHORFDOL]HGDWWKH&%PLQLPXPDV
VKRZQE\WKHVSLQGHQVLWLHVLQ)LJF$VLPLODUGLVWULEXWLRQLVIRXQGIRU>u92@7KHVHORFDOL]HGDQG
GHORFDOL]HGEDQGVPDSZHOORQWRWKHH[SHULPHQWDOO\REVHUYHGPLGJDSEDQGDWaH9ZKLFKKDVDORQJ
WUDLOUXQQLQJXSWR()DVVHHQE\FRPSDULQJ)LJVEDQGF:HQRWHWKDWWKHEDQGJDSLVXQGHUHVWLPDWHG
IRU 8HII    H9 7KXV WKH GHORFDOL]HG EDQG F\DQ LV WRR FORVH LQ HQHUJ\ WR WKH ORFDOL]HG 92 EDQG
PDJHQWD7KHJROG'26VKRZV WKDWZKHQDOO2LQW± DQG924GLIIXVHDQGUHFRPELQH92DQGDH9
HQHUJ\JDLQDUHWKHUHVXOWV
7KHVH PRGHOLQJ UHVXOWV DOORZ XV WR LQWHUSUHW WKH H[SHULPHQWDO HYROXWLRQ RI WKH JDS VSHFWUXP DV
IROORZV$V WKH92 FRQFHQWUDWLRQ LQFUHDVHV VRPH LQWHUVWLWLDO R[\JHQV DUH FRQYHUWHG IURP2± WR2LQW±
GHSHQGLQJ RQ WKH 92 FRQFHQWUDWLRQ DQG WKH LQWHQVLW\ RI WKH % IHDWXUH VDWXUDWHV 3URORQJHG DQQHDOLQJ
SURPRWHV GLIIXVLRQ RI 2LQW± DQG 92 5HFRPELQDWLRQ RI WKHVH GHIHFWV WR JHQHUDWH 2ODW± UHVXOWV LQ D


GHFUHDVH LQ WKH % IHDWXUHDVREVHUYHGDIWHUPLQXWHV DW & LQ8+9ZKLOH WKH $ DQG$
 IHDWXUHV
FRQWLQXHWRJURZ7KHILQDODQQHDOLQDFWLYDWHGR[\JHQQRWRQO\HOLPLQDWHVDOO92GHULYHGVWDWHVEXWDOVR
VLJQLILFDQWO\ UHGXFHV WKH FRQFHQWUDWLRQ RI 2LQW± E\ PHDQV RI UHFRPELQDWLRQ RI 2LQW DQG 92 LQ WKH
DEVHQFHRI92FUHDWLRQ

,9',6&866,21

:HQRZFRQVLGHURWKHUFDQGLGDWHGHIHFWVDVWKHFDXVHRIWKHGHHSLQJDSVWDWHV7KHUHLVDVLJQLILFDQW
ERG\RIOLWHUDWXUHIRFXVHGRQHOHFWURQLFSURSHUWLHVRIEXON672DQGWKHDVVRFLDWHGLQWHUSUHWDWLRQEDVHGRQ
YDULRXV GHIHFW PRGHOV 6SHFLILFDOO\ KLJKWHPSHUDWXUH FRQGXFWLYLW\ DV D IXQFWLRQ RI R[\JHQ SDUWLDO
SUHVVXUHKDVEHHQPRGHOHGXVLQJRQO\96UDQG92DORQJZLWKDOLRYDOHQWPHWDO LPSXULWLHVRQ WKH7LVLWH
07L WKDW DFW DV DFFHSWRUV DQG GRQRUV VXFK DV /D6U DQG 1E7L > @ 7L YDFDQFLHV KDYH QRW EHHQ
LQFOXGHGGXHWRWKHLUKLJKIRUPDWLRQHQHUJLHV>@
:H KDYH LQYHVWLJDWHG ZKHWKHU 96U FDQ DFFRXQW IRU WKH GHHS LQJDS SKRWRHPLVVLRQ IHDWXUH DQG KDYH
FRQFOXGHGWKDWLWFDQQRWIRUWKHIROORZLQJUHDVRQV)LUVW96U'26DUHHLWKHULQWKHJDSDQGQRWRFFXSLHG
RU QRW LQ WKH JDS DQG RFFXSLHG ,QGHHG WKH '26 IHDWXUH DVVRFLDWHG ZLWK WKH QHXWUDO 96U LH WKH 6U
YDFDQF\ WKDW KDVQ¶W WUDSSHG HOHFWURQV LV FOHDUO\ YLVLEOH FORVH WR WKH WRS RI WKH 9% LQ )LJ  D 	 E
6LPXODWLRQV FRQGXFWHG XVLQJ 3%(VRO DQG D K\EULG GHQVLW\ IXQFWLRQDO +6( >@ DUH FRQVLVWHQW LQ
SUHGLFWLQJWKHSRVLWLRQRIWKLVIHDWXUHZLWKUHVSHFWWRWKHEDQGHGJHV+RZHYHUWKHDEVHQFHRIHOHFWURQVDW
WKLVGHIHFWSUHFOXGHVGHWHFWLRQE\SKRWRHPLVVLRQ2QFH96UWUDSVGRQRUHOHFWURQVHLWKHURQHRUWZRWKH
QRZ RFFXSLHG 96U '26 PHUJHV ZLWK WKH 9% '26 DV VKRZQ LQ )LJ  F 	 G VR WKDW WKH SHUWXUEDWLRQ
LQGXFHGE\96ULVQRWGLVWLQJXLVKDEOHIURPWKH9%'26DVDZKROH
6HFRQGWKHLQWHQVLW\RIWKHGHHSLQJDSVWDWHLQGLFDWHVWKDWWKHFRQFHQWUDWLRQRIWKHFDXVDOGHIHFWLV
RUGHUVRIPDJQLWXGHKLJKHUWKDQWKHH[SHFWHGFRQFHQWUDWLRQRI96U'H6RX]D>@KDVHVWLPDWHG>96U@WR
EHa[FPLQEXON672WKDWKDVEHHQDQQHDOHGWRKLJKWHPSHUDWXUHLQR[LGL]LQJFRQGLWLRQVDV672
W\SLFDOO\ LVGXULQJVXEVWUDWHSUHSDUDWLRQ0RUHRYHUHSLWD[LDO672ILOPVJURZQXVLQJK\EULG0%(ZLWK
WKHVDPHSURFHVVLQJFRQGLWLRQVDVWKHVWRLFKLRPHWULFILOPXVHGLQWKLVVWXG\KDYHEHHQVKRZQE\SRVLWURQ
DQQLKLODWLRQPHDVXUHPHQWVWRSRVVHVVD>96U@LQWKHORZFPUDQJH>@+RZHYHUWKHFRQFHQWUDWLRQ
RIWKHGHIHFWWKDWFDXVHVWKHGHHSLQJDSIHDWXUHLQK\EULG0%(JURZQILOPVLVHVWLPDWHGWREHDWOHDVWa
[FPDQGDWOHDVWa[FPLQEXON672>@
7KLUGWKHJDSVSHFWUXPPHDVXUHGIRUDK\EULG0%(ILOPWKDWZDVGHSRVLWHGRQWKH6USRRUVLGHRI
WKHJURZWKZLQGRZE\DVXEVWDQWLDODPRXQWLVYLUWXDOO\WKHVDPHDVWKDWIRUWKHVWRLFKLRPHWULFILOP:H
VKRZ WKHVH UHVXOWV LQ )LJ  'HVSLWH D a 6U GHILFLHQF\ WKH QRQVWRLFKLRPHWULF 672 ILOP H[KLELWV
YLUWXDOO\WKHVDPHJDSVSHFWUXPDVWKHVWRLFKLRPHWULFILOP
)RXUWKWKHUHLVQRFRUUHODWLRQEHWZHHQWKHLQWHQVLW\RIWKHGHHSLQJDSIHDWXUHDQGWKHDPRXQWRI6U2[
RQ WKH 672 VXUIDFH ,W LV ZHOO NQRZQ WKDW KLJKWHPSHUDWXUH DQQHDOLQJ RI EXON 672 LQ DQ R[LGL]LQJ
HQYLURQPHQWOHDGVWR6UYDFDQF\FUHDWLRQDQGGLIIXVLRQRI6UWRWKHVXUIDFHIROORZHGE\R[LGDWLRQWRIRUP
6U2[ >@0RUHRYHU WKHYDSRUSUHVVXUHRI6U2LVQHJOLJLEOHDW W\SLFDODQQHDOLQJ WHPSHUDWXUHV LQ672
ZDIHU SUHSDUDWLRQ aq& SUHFOXGLQJ GHVRUSWLRQ RI 6U2 IURP WKH VXUIDFH GXULQJ DQQHDOLQJ 7KHUH
VKRXOGWKHUHIRUHEHDGLUHFWGHSHQGHQFHRIWKHGHHSLQJDSVWDWHLQWHQVLW\RQWKHIUDFWLRQRI6UGLQWHQVLW\
DVVRFLDWHG ZLWK 6U2[ VHH )LJ  LI LQGHHG WKH GHHS VWDWH LV FDXVHG E\ 96U +RZHYHU WKHUH LV QR
FRUUHODWLRQ ZKDWVRHYHU EHWZHHQ WKHVH WZR TXDQWLWLHV LQ WKH DQQHDOLQJ H[SHULPHQW RQ XQGRSHG 672
VXPPDUL]HGLQ)LJ7KHDEVHQFHRIDFRUUHODWLRQLVFOHDUO\VHHQLQ)LJ7KHILUVWGDWDSRLQWLVIRUWKH
XQGRSHG672FU\VWDODIWHUFOHDQLQJWKHDFWLYDWHGR[\JHQDWR&WRUHPRYHDGYHQWLWLRXVFDUERQ$VWKH


8+9 DQQHDOLQJ FRQWLQXHV DW SURJUHVVLYHO\ KLJKHU WHPSHUDWXUHV IURP SRLQWV  WR  WKH GHHS LQJDS
LQWHQVLW\LQFUHDVHVPRQRWRQLFDOO\+RZHYHUWKH6U2[IUDFWLRQILUVWGHFUHDVHVIURPSRLQWWRDQGWKHQ
LQFUHDVHVXSWRSRLQWDOWKRXJKQRWLQDZD\WKDWZRXOGLQGLFDWHDFRUUHODWLRQ)URPSRLQWVWRWKH
GHHSVWDWH LQWHQVLW\ GURSV EXW WKH 6U2[ IUDFWLRQ LQFUHDVHV )LQDOO\ DIWHU WKH VHFRQG DQQHDO LQ DFWLYDWHG
R[\JHQ SRLQW  WKH 6U2[ IUDFWLRQ UHWXUQV WR LWV RULJLQDO YDOXH EXW WKH GHHS VWDWH LQWHQVLW\ LV
FRQVLGHUDEO\VPDOOHU
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672EXON
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7KHVH LQJDS
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


9 &21&/86,21

:HKDYHVKRZQWKDWGHHSLQJDSVWDWHVRI6U7L2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EXONFU\VWDOVDQGHSLWD[LDOILOPVUHVXOWIURP
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&RXQFLO

&RUUHVSRQGLQJDXWKRUVDFKDPEHUV#SQQOJRY

>@ 50RRV.++DUGWO-$P&HUDP6RF
>@ 5$'H6RX]D90HWOHQNR'3DUN7(:HLULFK3K\V5HY%
>@ 50H\HU$)=XUKHOOH5$'H6RX]D5:DVHU)*XQNHO3K\V5HY%
>@ 3&%RZHV-1%DNHU-6+DUULV%'%HKUKRUVW'/,UYLQJ$SSO3K\V/HWW
>@ $6DPDQWD(:HLQDQ6%=KDQJ3K\V5HY%


>@ $2KWRPR+<+ZDQJ1DWXUH
>@ 67KLHO*+DPPHUO$6FKPHKO&:6FKQHLGHU-0DQQKDUW6FLHQFH
>@ 0+XLMEHQ$%ULQNPDQ*.RVWHU*5LMQGHUV++LOJHQNDPS'+$%ODQN$GY0DWHU

>@ 36FKHLGHUHU)3IDII-*DEHO0.DPS06LQJ5&ODHVVHQ3K\V5HY%
>@ :0HHYDVDQD3'&.LQJ5++H6.0R0+DVKLPRWR$7DPDL36RQJVLULULWWKLJXO)
%DXPEHUJHU=;6KHQ1DW0DWHU
>@ $)6DQWDQGHU6\UR2&RSLH7.RQGR))RUWXQD63DLOKHV5:HKW;*4LX)%HUWUDQ
$ 1LFRODRX $ 7DOHE,EUDKLPL 3 /H )HYUH * +HUUDQ] 0 %LEHV 1 5H\UHQ < $SHUWHW 3
/HFRHXU$%DUWKHOHP\0-5R]HQEHUJ1DWXUH
>@ =:DQJ60:DONHU$7DPDL<:DQJ=5LVWLF)<%UXQR$GHOD7RUUH65LFFR1&
3OXPE06KL3+ODZHQND-6DQFKH]%DUULJD$9DU\NKDORY7..LP0+RHVFK3'&
.LQJ : 0HHYDVDQD 8 'LHEROG - 0HVRW % 0RULW] 7 3 'HYHUHDX[ 0 5DGRYLF )
%DXPEHUJHU1DW0DWHU
>@ 6*RQ]DOH]&0DWKLHX2&RSLH9)H\HU&06FKQHLGHU1%DUUHWW$SSO3K\V/HWW 

>@ <-&KDQJ$%RVWZLFN<6.LP.+RUQ(5RWHQEHUJ3K\V5HY%
>@ $)XMLPRUL,+DVH01DNDPXUD+1DPDWDPH<)XMLVKLPD<7RNXUD0$EEDWH)0)
'HJURRW07&]\]\N-&)XJJOH26WUHEHO)/RSH]0'RPNH*.DLQGO3K\V5HY%

>@ <,VKLGD5(JXFKL00DWVXQDPL.+RULED07DJXFKL$&KDLQDQL<6HQED+2KDVKL+
2KWD66KLQ3K\V5HY/HWW
>@ *%HUQHU06LQJ+)XMLZDUD$<DVXL<6DLWRK$<DPDVDNL<1LVKLWDQL$6HNL\DPD1
3DYOHQNR7.RSS&5LFKWHU-0DQQKDUW66XJD5&ODHVVHQ3K\V5HY/HWW 

>@ $.RLW]VFK-2FNHU0.QXSIHU0&'HNNHU.'RUU%%XFKQHU3+RIIPDQQ3K\V5HY%

>@ 5 & +DWFK. ' )UHGULFNVRQ 0 &KRL &: /LQ + 6HR $ % 3RVDGDV$ $ 'HPNRY -
$SSO3K\V
>@ 6$&KDPEHUV<&RPHV656SXUJHRQ396XVKNR$SSO3K\V/HWW
>@ %-DODQ30RHWDNHI66WHPPHU$SSO3K\V/HWW
>@ %-DODQ-&DJQRQ7(0DWHV66WHPPHU-9DF6FL7HFKQRO$
>@ 74:DQJ.*DQJXO\30DUVKDOO3;X%-DODQ$SSO3K\V/HWW
>@ &5RGHQEXFKHU0/X\VEHUJ$6FKZHGW9+DYHO)*XQNHO -0D\HU5:DVHU6FLHQWLILF
5HSRUWV
>@ 5)(JHUWRQ(OHFWURQ(QHUJ\/RVV6SHFWURVFRS\ LQ WKH(OHFWURQ0LFURVFRSH 6SULQJHU86$

>@ .YDQ%HQWKDP&(OVDVVHU5+)UHQFK-$SSO3K\V
>@ =<:DQJ%:/LX(:=KDR.-LQ<*'X--1HHZD\-95\DQ'++X.+/
=KDQJ01+RQJ6/H*XHUQLF67KHYXWKDVDQ)<:DQJ=+=KX -$P6RF0DVV
6SHFWURP
>@ *.UHVVH-)XUWKPXOOHU3K\V5HY%
>@ *.UHVVH-+DIQHU3K\V5HY%
>@ 3(%ORFKO3K\V5HY%
>@ -33HUGHZ$5X]VLQV]N\*,&VRQND2$9\GURY*(6FXVHULD/$&RQVWDQWLQ;/
=KRX.%XUNH3K\V5HY/HWW
>@ 6/'XGDUHY*$%RWWRQ6<6DYUDVRY&-+XPSKUH\V$36XWWRQ3K\V5HY%

>@ $/RSH]%H]DQLOOD3*DQHVK3%/LWWOHZRRG$SO0DWHULDOV
>@ -+6FRILHOG/DZUHQFH/LYHUPRUH1DWLRQDO/DERUDWRU\
>@ --<HK,/LQGDX$W'DWD1XFO'DWD7DEOHV


>@ +6KLQRWVXND%'D67DQXPD+<RVKLNDZD&-3RZHOO'53HQQ6XUI,QWHUIDFH$QDO

>@ & - 3RZHOO $ -DEORQVNL 1,67 (OHFWURQ ,QHODVWLF0HDQ)UHH3DWK 'DWDEDVH 9HUVLRQ  65'
1DWLRQDO,QVWLWXWHRI6WDQGDUGVDQG7HFKQRORJ\*DLWKHUVEXUJ0'
>@ 6$&KDPEHUV72KVDZD&0:DQJ,/\XELQHWVN\-(-DIIH6XUI6FL
>@ 7 +DGDPHN $ % 3RVDGDV $ 'KDPGKHUH ' - 6PLWK $ $ 'HPNRY - $SSO 3K\V 

>@ 06-0DUVKDOO'71HZHOO'-3D\QH5*(JGHOO05&DVWHOO3K\V5HY%

>@ 3/LX7.HQGHOHZLF]*(%URZQ*$3DUNV33LDQHWWD6XUI6FL
>@ .6]RW:6SHLHU8%UHXHU50H\HU-6]DGH5:DVHU6XUI6FL
>@ '.RED\DVKL+.XPLJDVKLUD02VKLPD72KQLVKL0/LSSPDD.2QR0.DZDVDNL+
.RLQXPD-$SSO3K\V
>@ 36FKHLGHUHU06FKPLWW-*DEHO0=DSI06WELQJHU36FKW]/'XG\&6FKOXHWHU7/
/HH06LQJ5&ODHVVHQ$GY0DWHUSXEOLVKHGRQOLQH'2,DGPD
>@ 5(UQL8OWUDPLFURVFRS\
>@ 5(UQL1'%URZQLQJ8OWUDPLFURVFRS\
>@ (.URJHU=3K\V
>@ -35%ROWRQ0&KHQ8OWUDPLFURVFRS\
>@ +'RQQHUEHUJ$%LUNKRO]-3K\V&RQG0DWWHU
>@ 3;X<$\LQR&&KHQJ963ULELDJ5%&RPHV396XVKNR6$&KDPEHUV%-DODQ
3K\V5HY/HWW
>@ 5 % &RPHV 3 9 6XVKNR 6 0 +HDOG 5 - &ROE\ 0 ( %RZGHQ 6 $ &KDPEHUV &KHP
0DWHU
>@ 3&%RZHV-1%DNHU-6+DUULV%'%HKUKRUVW'/,UYLQJ$SSO3K\V/HWW

>@ 0-$NKWDU=81$NKWDU5$-DFNVRQ&5$&DWORZ-$P&HUDP6RF
>@ $9.UXNDX2$9\GURY$),]PD\ORY*(6FXVHULD-&KHP3K\V
>@ 5$'H6RX]D$GY)XQFW0DWHU
>@ '-.HHEOH%-DODQ/5DYHOOL:(JJHU*.DQGD66WHPPHU$SSO3K\V/HWW

>@ 7KHVHFRQFHQWUDWLRQVZHUHGHWHUPLQHGE\XVLQJWKH9%VSHFWUXPDVDQLQWHUQDOVWDQGDUG%HFDXVH
WKH9%RI672LVPRVWO\2SGHULYHGWKHWRWDO9%LQWHQVLW\LVWRILUVWDSSUR[LPDWLRQSURSRUWLRQDO
WRV2SZKHUHV2S LV WKH2SSKRWRHPLVVLRQFURVV VHFWLRQDQG WKH FRQVWDQWRISURSRUWLRQDOLW\
GHSHQGV RQ WKH LQVWUXPHQW UHVSRQVH IXQFWLRQ DQG WKHSKRWRHOHFWURQ DWWHQXDWLRQ OHQJWK /LNHZLVH
WKH WRWDO LQWHQVLW\ RI WKH GHHS LQJDS IHDWXUH LV SURSRUWLRQDO WR [VGHHS JDS ZKHUH [ LV WKH PROH
IUDFWLRQRIWKHFDXVDOGHIHFWVGHHSJDSLVWKHDVVRFLDWHGSKRWRHPLVVLRQFURVVVHFWLRQDQGWKHFRQVWDQW
RISURSRUWLRQDOLW\LVHVVHQWLDOO\WKHVDPHDVWKDWIRUWKH9%7KHODUJHVWXQFHUWDLQW\LQWKLVDSSURDFK
LVWKDWZHGRQ¶WNQRZZKDWFURVVVHFWLRQWRXVHIRUWKHGHHSLQJDSVWDWHEHFDXVHWKHLGHQWLW\RIWKH
FDXVDO GHIHFW FDQQRW EH GHWHUPLQHG E\ LQGHSHQGHQW PHDQV +RZHYHU EHFDXVH WKH ODUJHVW FURVV
VHFWLRQHVWLPDWHZLOOUHVXOWLQWKHORZHVWGHIHFWFRQFHQWUDWLRQZHXVHWKHODUJHVWFRQFHLYDEOHYDOXH
LQ RUGHU WR GHWHUPLQH WKH ORZHU OLPLW RI WKH FRQFHQWUDWLRQ RI WKH FDXVDO GHIHFW 2I WKH GLIIHUHQW
VSHFLHVWKDWFDQUHDVRQDEO\EHDVVLJQHGDVFDXVLQJWKHGHHSVWDWH6U7L2+RUGHIHFWVWKHUHRI2
KDV WKH ODUJHVW YDOHQFH RUELWDO FURVV VHFWLRQ IRU KQ    H9 7KLV YDOXH KDV WKXV EHHQ XVHG WR
HVWLPDWHWKHORZHUOLPLWVRIWKHGHIHFWFRQFHQWUDWLRQ
>@ .6]RW:6SHLHU8%UHXHU50H\HU-6]DGH5:DVHU6XUI6FL
>@ '5LFFL&'L9DOHQWLQ*3DFFKLRQL396XVKNR$/6KOXJHU(*LDPHOOR-$P&KHP
6RF


>@ 06WHUUHU7%HUJHU2'LZDOG(.QR]LQJHU396XVKNR$/6KOXJHU-&KHP3K\V

>@ 396XVKNR$/6KOXJHU.+D\DVKL0+LUDQR++RVRQR3K\V5HY%
>@ 66DOOLV.7%XWOHU1)4XDFNHQEXVK'6:LOOLDPV0-XQGD'$)LVFKHU-&:RLFLN
1-3RGUD]D%(:KLWH$:DOVK/)-3LSHU$SSO3K\V/HWW
>@ 66DOOLV1)4XDFNHQEXVK'6:LOOLDPV06HQJHU-&:RLFLN%(:KLWH/)-3LSHU
3K\V6WDWXV6ROLGL$
>@ $6SLQHOOL0$7RULMD&/LX&-DQ&/HLJKWRQ3K\V5HY%





),*  &RORU RQOLQH 5HIOHFWLRQ KLJKHQHUJ\ HOHFWURQ GLIIUDFWLRQ D 	 E  NH9 DQG ORZHQHUJ\
HOHFWURQGLIIUDFWLRQFH9IRUQ6U7L2DIWHUR[\JHQSODVPDFOHDQLQJ




),*&RORURQOLQH9%VSHFWUDIRU6U1E[7L[2PHDVXUHGDWSKRWRQHQHUJLHVRIH9ZLWK[
 DQGDWH9DQGH9ZLWK[ VDPHVDPSOH7KHSUREHGHSWKVDUHaaDQG
aQPIRUKQ DQGH9





),*  &RORU RQOLQH &RUHOHYHO SKRWRHPLVVLRQ VSHFWUD IRU EXON 6U1E[7L[2 PHDVXUHG DW [UD\
HQHUJLHVRIH9DQGH9DQGDWSKRWRHOHFWURQWDNHRIIDQJOHVTWRIRQRUPDOHPLVVLRQDQG
RIRUKQ H9



),*&RORURQOLQHD6LPXODWLRQVRIWKH7LSVSHFWUXPIRU6U1E[7L[2IRU[EDVHGRQ
WKHDVVXPSWLRQWKDWHYHU\1EGRQRUUHVXOWVLQRQH7LFDWLRQDVUHTXLUHGIRUFKDUJHQHXWUDOLW\LQDGHIHFW
IUHHFU\VWDO7KHVLPXODWLRQVDUH OLQHDUFRPELQDWLRQVRIVSHFWUDIURPSXUHEXON6U1E7L2 
DQGHSLWD[LDO/D7L27KHGLIIHUHQFHVSHFWUDVLPXODWLRQVSXUH672VKRZDWUDQVIHURILQWHQVLW\
IURPWKHQRPLQDOO\7LELQGLQJHQHUJLHVWRWKDWIRU7LLQERWKVSLQRUELWDOFKDQQHOVEFRPSDULVRQRI
WKHVLPXODWHGDQGPHDVXUHGVSHFWUDIRU[ 








),*&RORURQOLQHDE9((/6PHDVXUHPHQWVFRQGXFWHGZLWKDQGPUDGFROOHFWLRQDQJOHVȕ
UHVSHFWLYHO\IRUDUDQJHRIVDPSOHWKLFNQHVVHV7KHVSHFWUDKDYHEHHQQRUPDOL]HGWRWKHVLJQDOLQWHJUDO
FG6LPXODWHGORZORVVVSHFWUDIRUDQGPUDGFROOHFWLRQDQJOHVUHVSHFWLYHO\IRUDUDQJHRIVDPSOH
WKLFNQHVVHV


),*  &RORU RQOLQH 9% D DQG JDS E VSHFWUD H[FLWHG ZLWK  H9 SKRWRQV IRU EXON 672
FU\VWDOVZLWKDUDQJHRIGRSLQJOHYHOVDVZHOODVIRUHSLWD[LDOILOPV$QPILOPRIQRPLQDOO\XQGRSHG


672ZDVGHSRVLWHGRQS*HE\FRQYHQWLRQDO0%(7KHGHSRVLWLRQFRQGLWLRQVWKDWZHUHXVHGOHDGWR
WKHLQFRUSRUDWLRQRIVRPH927KHK0%(ILOPLVQP/D6U7L2JURZQRQ1E672


),* &RORURQOLQH D9%DQGJDSVSHFWUDH[FLWHGZLWKH9SKRWRQVIRUXQGRSHG672DV
FOHDQHGDQGDIWHUDQQHDOVDWR&R&R&DQGR&LQ8+9DQGRQHDWR&LQDFWLYDWHG2
$OVR VKRZQ DUH WKH DFFRPSDQ\LQJ 7L S VSHFWUD H[FLWHG ZLWK  H9 [UD\V ,QVHWV H[SDQGHG JDS
VSHFWUDOHIWDQGDILWWR9RLJWIXQFWLRQVUHGIRUWKHVSHFWUXPPHDVXUHGDIWHUWKHWKLUGDQQHDODWR&
ULJKW6OLJKWFKDQJHVLQELQGLQJHQHUJ\FDXVHGE\YDULDWLRQVLQEDQGEHQGLQJZLWKLQaH9RIIODW
EDQGKDYHEHHQUHPRYHG WR IDFLOLWDWHFRPSDULVRQE([SDQGHGYLHZRIH[SHULPHQWDO JDSVSHFWUD F
&DOFXODWHG'26IRUVHOHFWGHIHFWFRQILJXUDWLRQVEURDGHQHGZLWK*DXVVLDQIXQFWLRQVXVLQJDZLGWKRI
H97KLVSDQHOVKRZVKRZWKH'26WUDQVIRUPDVDUHVXOWRIWKHGHIHFWUHDFWLRQVVKRZQWRWKHULJKW7KH
VROLGPDJHQWDDQGVROLGF\DQIHDWXUHVLQWKHSXUSOH'26UHVXOWIURPORFDOL]HGDQGGHORFDOL]HGHOHFWURQV
IURP 92 UHVSHFWLYHO\ 7KH QXPEHUV E\ WKH DUURZV DUH WKH HQHUJLHV JDLQHG LQ WKH LQGLFDWHG GHIHFW
FRQYHUVLRQUHDFWLRQV









),*&RORURQOLQH/RFDOVWUXFWXUHVIRU2DWDQHPSW\DQLRQVLWH2±DDQGDSDLURI2LQW±WKDW
UHVXOWIURP2±WUDSSLQJHIURPQHDUE\92DQGGLVVRFLDWLQJE6U7LDQG2DUHVKRZQDVJUHHQODUJH
EOXHPHGLXPDQGUHGVPDOOVSKHUHVF6XUIDFHVRIFRQVWDQWVSLQGHQVLW\IRUWKH2LQW±>u92@
FRQILJXUDWLRQLQGLFDWHWKDWWKUHHHOHFWURQVDUHORFDOL]HGLQ92DQGRQHHOHFWURQLVDWWKHFRQGXFWLRQEDQG
PLQLPXP



)LJ&RORURQOLQH'HQVLWLHVRIVWDWHVFDOFXODWHGIRUWKHQHXWUDO6UYDFDQF\DEDQGIRUWKH6UYDFDQF\
ZLWKWZRWUDSSHGHOHFWURQVFGXVLQJ3%(VROEFDQG+6(EGGHQVLW\IXQFWLRQDOV7KHXQRFFXSLHG
VWDWHV QHDU WKH WRS RI WKHYDOHQFHEDQG DUHPDUNHG ZLWK K D E 8SRQ WUDSSLQJ WZR HOHFWURQV SHU 6U
YDFDQF\WKHVHVWDWHVEHFRPHRFFXSLHGDQGSURGXFHDVPDOOSHUWXUEDWLRQRIWKH'26QHDU9%PD[LPXP
FGEXWGRQRWFUHDWHDQLQJDSVWDWH




),*&RORURQOLQH&RPSDULVRQRI9%DQGJDSVSHFWUDIRUVWRLFKLRPHWULFDQGa6USRRU672
KRPRHSLWD[LDOILOPVJURZQE\K\EULG0%(



),*&RORURQOLQH'HHSLQJDSVWDWHFRXQWUDWHSORWWHGDJDLQVWWKH6U2[SHDNDUHDQRUPDOL]HGWRWKH
ODWWLFHSHDNDUHDWDNHQIURP6UGVSHFWUDIRUWKHDQQHDOLQJVHTXHQFHIRUXQGRSHG672VXPPDUL]HG
LQ)LJ7KHQXPEHUVLQGLFDWHWKHVWHSVLQWKHDQQHDOLQJVHTXHQFHVKRZQLQ)LJD




)LJ&RORURQOLQH'HQVLWLHVRIVWDWHVFDOFXODWHGIRUDK\GURJHQDWRPWUDSSHGLQ6U7L27KH+DWRP
ELQGVWRDODWWLFHR[\JHQIRUPLQJDQ2+±VSHFLHVDQGDQHOHFWURQWKDWRFFXSLHVDVWDWHFORVHWRWKHERWWRP
RI WKH &% '26 FDOFXODWHG XVLQJ 3%(VRO D DQG 3%(VRO  8 IRU 87L    H9 E DQG 87L    H9 F
LQGLFDWH WKDW WKLVHOHFWURQVWDWH LVGHJHQHUDWHZLWK WKH&%PLQLPXP7KLVHOHFWURQLF VWUXFWXUH LV IXUWKHU
VXSSRUWHGE\WKH'26REWDLQHGXVLQJVLQJOHSRLQW+6(FDOFXODWLRQIRUWKHVWUXFWXUHSUHRSWLPL]HGXVLQJ
3%(VRO887L H9G


),* &RORURQOLQH+DOOHIIHFWPHDVXUHPHQWPHDVXUHGDW URRP WHPSHUDWXUH IRUD6U1E7L2
FU\VWDOIURP07,




